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Description 

This  invention  relates  generally  to  semiconductor 
integrated  circuits  and  more  particularly,  it  relates  to 
CMOS  output  buffer  circuits  which  have  a  reduction  in  s 
ground  bounce  over  processing  and  power  supply  var- 
iations. 

As  is  well-known  in  the  art,  output  buffers  are  com- 
monly  used  with  a  variety  of  electronic  and  computer- 
type  circuits.  For  example,  CMOS  output  buffers  are  10 
used  to  provide  desired  drive  characteristics  for  logical 
functions  on  semiconductor  chips.  In  VLSI  systems, 
there  will  be  many  output  buffers  whose  outputs  could 
be  switching  simultaneously.  Thus,  it  is  desired  that 
each  output  buffer  produce  a  minimal  amount  of  noise  15 
so  as  to  avoid  degrading  the  output  levels  (logic  "1  "  and 
logic  "0")  which  might  cause  interface  problems  among 
the  output  buffers  and  the  other  integrated  logic  circuits. 

Traditionally,  such  output  buffers  have  been  de- 
signed  for  specific  circuits  to  provide  specified  operating  20 
speeds,  voltage  and  current  driving  characteristics  un- 
der  fast  process  corners  and  high  power  supply  voltages 
for  the  purpose  of  reducing  ground  bounce.  However, 
the  designed  drive  characteristics  of  these  output  buff- 
ers  may  produce  unacceptable  performance  degrada-  25 
tion  at  slow  process  corners  and  low  power  supply  volt- 
ages.  Ideally,  the  output  buffers  should  have  minimal 
variations  in  noise  and  speed  over  the  changes  of  proc- 
ess  corner  and  power  supply  voltages. 

Output  buffer  circuits  typically  use  a  pull-up  transis-  30 
tor  device  and  a  pull-down  transistor  device  connected 
in  series  between  first  and  second  external  power  sup- 
ply  terminal  pins.  The  first  power  supply  terminal  pin 
may  be  supplied  with  a  positive  potential  or  voltage 
VCC,  which  is  connected  to  an  internal  power  supply  35 
potential  node  via  a  first  connection  lead  having  asso- 
ciated  package  inductance.  The  second  power  supply 
terminal  pin  may  be  supplied  with  a  ground  potential 
VSS  which  is  connected  to  an  internal  ground  potential 
node  via  a  second  connection  lead  having  associated  40 
package  inductance.  The  common  connection  point  of 
pull-up  and  pull-down  transistor  devices  defines  an  in- 
ternal  output  node  which  is  further  joined  to  an  external 
output  terminal  pin  via  a  third  connection  lead  having 
associated  package  inductance.  The  external  output  45 
terminal  pin  is  used  for  driving  other  circuitry  on  other 
integrated  circuits  which  may  have  widely  varying  ca- 
pacitive  loading  effects. 

Dependent  upon  the  logic  state  of  the  data  input  sig- 
nal  and  an  enable  signal  being  in  the  active  state,  either  so 
the  pull-up  or  pull-down  transistor  device  is  quickly 
turned  OFF  and  the  other  one  of  them  is  turned  ON. 
Such  rapid  switching  OFF  and  ON  of  the  pull-up  and 
pull-down  devices  causes  sudden  surges  of  current  cre- 
ating  what  is  commonly  known  as  current  spikes.  As  a  55 
result,  when  the  internal  output  node  is  making  a  high- 
to-low  transition,  oscillation  or  inductive  ringing  will  ap- 
pear  at  the  output  terminal  pin  referred  to  as  "ground 

bounce."  This  "ground  bounce"  is  defined  to  be  the  un- 
dershooting  of  the  ground  potential  followed  by  a  damp- 
ening  oscillation  around  it.  This  is  a  major  problem  en- 
countered  in  designing  high  speed,  output  buffer  cir- 
cuits. 

Also,  during  such  output  switching,  charging  and 
discharging  currents  from  the  pull-up  and  pull-down 
transistor  devices  will  flow  through  the  package  induct- 
ances  of  the  power  supply  and  ground  lines  so  as  to 
cause  inductive  noises  at  the  internal  power  supply  po- 
tential  node  and  at  the  internal  ground  potential  node. 
While  it  is  desired  to  have  large  pull-up  and  pull-down 
devices  for  charging  or  discharging  the  capacitive  loads 
at  high  speeds,  which  is  advantageous,  this  will  also 
cause  increased  noises  on  the  internal  supply  and 
ground  lines  that  are  undesirable  since  they  will  degrade 
the  output  levels. 

It  would  therefore  be  desirable  to  provide  a  CMOS 
output  buffer  circuit  which  produces  a  minimal  amount 
of  noise  on  the  internal  supply  and  ground  lines  without 
sacrificing  the  high  speed  of  operation.  Further,  it  would 
be  expedient  to  have  the  output  buffer  circuit  exhibit  a 
constant  behavior  independently  of  variations  in  proc- 
ess  corner  and  power  supply  voltages. 

There  have  been  attempts  in  the  prior  art  of  output 
buffer  design  to  minimize  the  ground  bounce  and  the 
supply  and  ground  noises  without  sacrificing  the  needed 
high-speed  of  operation.  In  Figure  1,  there  is  shown  a 
schematic  circuit  diagram  of  a  prior  art  output  buffer  cir- 
cuit  which  includes  a  staged  pull-up  means  formed  of  a 
first  plurality  of  N-channel  transistors  2a,  2b  and  2c  and 
a  staged  pull-down  means  formed  of  a  second  plurality 
of  N-channel  transistors  3a,  3b  and  3c.  The  input  signal 
is  fed  to  two  NAND  logic  gates  4a,  4b  whose  outputs 
provide  control  signals  via  inverters  for  driving  the  pull- 
up  and  pull-down  means,  respectively.  Since  there  is  no 
effective  control  of  the  gate-to-source  voltage  VGS,  there 
exists  the  possibility  that  one  of  the  transistors  in  either 
the  pull-up  or  pull-down  means  will  still  be  turned  on 
when  one  of  the  transistors  in  the  pull-down  or  pull-up 
means  is  being  turned  on,  resulting  in  a  cross-over  cur- 
rent  due  to  their  simultaneous  conduction. 

In  Figure  2,  there  is  shown  a  schematic  circuit  dia- 
gram  of  another  of  the  prior  art  output  buffer  circuits 
which  also  includes  a  staged  pull-up  means  formed  of 
two  N-channel  transistors  5a,  5b  connected  in  parallel 
and  a  staged  pull-down  means  formed  of  two  N-channel 
transistors  6a,  6b  connected  in  parallel.  There  are  pro- 
vided  NAND  logic  gates  7a-7d  and  NOR  logic  gates  8a, 
8b  which  are  used  to  turn  OFF  and  ON  the  transistors 
in  the  pull-up  and  pull-down  means  in  a  correct  se- 
quence.  However,  since  there  is  likewise  no  control  of 
the  voltage  VGS,  this  prior  art  circuit  does  not  always 
perform  the  proper  switching  sequence  of  the  transis- 
tors  as  it  was  designed  to  do. 

EP-A  0  379  881  discloses  an  feedback  CMOS  out- 
put  buffer  circuit  for  providing  an  output  signal  at  an  out- 
put  terminal  which  has  a  significant  reduction  in  ground 
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bounce  over  processing  and  power  supply  variations, 
comprising: 

push-pull  output  driver  stage  means  formed  of  a  n- 
channel  pull-up  MOSFET  and  an  n-channel  pull- 
down  MOSFET; 
pull-up  pre-driver  means  formed  of  an  inverter  and 
a  NOR-gate  and  being  responsive  to  a  inverted  data 
input  signal  and  an  enable  signal; 
a  NOR-gate  as  pull-down  predriver  means  having 
a  first  input  coupled  to  receive  the  data  input  signal 
and  a  second  input  connected  to  receive  the  enable 
signal,  and  an  output  connected  to  the  gate  elec- 
trode  of  said  pull-down  transistor;  and 
a  capacitor  being  connected  between  the  gate  and 
the  drain  of  the  pull-down  transistor  for  responding 
to  the  output  signal  for  controlling  the  rate  of  rise  of 
the  voltage  at  the  gate  electrode  of  said  pull-down 
transistor  so  as  to  slow  down  its  turn-on  time  when 
the  output  terminal  is  making  the  high-to-low  tran- 
sition  thereby  significantly  reducing  the  ground 
bounce. 

We  will  describe  an  arrangement  which  controls  the 
rate  of  change  of  the  gate-to-source  voltage  applied  to 
the  gate  of  the  pull-down  transistor  in  the  output  stage 
when  it  is  to  be  turned  on  so  as  to  significantly  reduce 
or  suppress  the  ground  bounce.  This  is  achieved 
through  the  provision  of  edge-rate  feedback  means  cou- 
pled  between  the  internal  output  node  of  the  output 
stage  and  the  gate  of  the  pull-down  transistor. 

We  will  describe  an  edge-rate  feedback  CMOS  out- 
put  buffer  circuit  with  a  significant  reduction  in  ground 
bounce  which  is  relatively  simple  and  economical  to 
manufacture  and  assemble,  but  yet  overcomes  the  dis- 
advantages  of  the  prior  art  buffer  circuits. 

We  will  describe  an  improved  edge-rate  feedback 
CMOS  output  buffer  circuit  which  has  a  significant  re- 
duction  in  inductive  ringing. 

We  will  describe  a  CMOS  output  buffer  circuit  which 
includes  feedback  means  for  controlling  the  rate  of  rise 
of  the  voltage  at  the  gate  electrode  of  the  pull-down  tran- 
sistor  in  the  output  stage  so  as  to  slow  down  its  turn-on 
time. 

We  will  describe  a  CMOS  output  buffer  circuit  which 
is  formed  of  an  output  driver  stage,  a  pull-up  pre-driver 
circuit,  a  pull-down  pre-driver  circuit,  and  feedback 
means  controlling  the  rate  of  rise  of  the  gate-to-source 
voltages,  thereby  reducing  significantly  the  ground 
bounce. 

In  particular,  we  will  describe  a  CMOS  output  buffer 
circuit  for  providing  an  output  signal  at  an  output  terminal 
which  has  a  significant  reduction  in  ground  bounce  over 
processing  and  power  supply  variations.  The  CMOS 
output  buffer  circuit  includes  an  output  driver  stage,  a 
pull-up  pre-driver  circuit,  a  pull-down  pre-driver  circuit, 
and  a  feedback  means.  The  output  driver  stage  is 
formed  of  a  pull-up  transistor  and  a  pull-down  transistor. 

The  pull-up  transistor  is  responsive  to  a  first  control  sig- 
nal  for  generating  a  transition  from  a  low  logic  level  to  a 
high  logic  level  at  the  output  terminal.  The  pull-down 
transistor  is  responsive  to  a  second  control  signal  for 

5  generating  a  transition  from  the  high  logic  level  to  the 
low  logic  level  at  the  output  terminal.  The  pull-up  pre- 
driver  circuit  is  responsive  to  a  data  input  signal  and  an 
enable  signal  for  generating  the  first  control  signal.  The 
pull-down  pre-driver  circuit  is  responsive  to  the  data  in- 

fo  put  signal  and  the  enable  signal  for  generating  the  sec- 
ond  control  signal.  The  feedback  means  is  responsive 
to  the  output  signal  for  controlling  the  rate  of  rise  of  the 
voltage  at  the  gate  electrode  of  the  pull-down  transistor 
so  as  to  slow  down  its  turn-on  time  when  the  output  ter- 

15  minal  is  making  the  high-to-low  transition,  thereby  sig- 
nificantly  reducing  the  ground  bounce. 

According  to  a  first  aspect  of  the  invention  there  is 
provided  a  CMOS  output  buffer  circuit  for  providing  an 
output  signal  at  an  output  terminal  which  has  a  signifi- 

20  cant  reduction  in  ground  bounce  over  processing  and 
power  supply  variations,  comprising; 

pull-up  transistor  means  responsive  to  a  first  control 
signal  for  generating  a  transition  from  a  low  logic 

25  level  to  a  high  logic  level  at  the  output  terminal; 
pull-up  pre-driver  means  responsive  to  a  data  input 
signal  and  an  enable  signal  for  generating  said  first 
control  signal; 
pull-down  transistor  means  responsive  to  a  second 

30  control  signal  for  generating  a  transition  from  the 
high  logic  level  to  the  low  logic  level  at  the  output 
terminal; 
pull-down  pre-driver  means  responsive  to  the  data 
input  signal  and  the  enable  signal  for  generating 

35  said  second  control  signal;  and 
feedback  means  responsive  to  the  output  signal  for 
controlling  the  rate  of  rise  of  said  second  control  sig- 
nal; 
said  feedback  means  including  a  capacitor  and  a 

40  transistor  means  said  capacitor  connected  between 
the  output  terminal  and  to  the  gate  of  the  transistor 
means,  said  transistor  means  being  connected  be- 
tween  said  pull-down  pre-driver  means  and  the  gate 
of  said  pull-down  transistor  means  so  as  to  slow 

45  down  the  turn-on  time  of  said  pull  down  transistor 
means  when  the  output  terminal  is  making  the  high- 
to-low  transition  thereby  significatly  reducing  the 
ground  bounce. 

so  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

These  and  other  objects  and  advantages  of  the 
present  invention  will  become  more  fully  apparent  from 
the  following  detailed  description  when  read  in  conjunc- 

55  tion  with  the  accompanying  drawings  with  like  reference 
numerals  indicating  corresponding  parts  throughout, 
wherein: 

3 
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Figure  1  is  a  schematic  circuit  diagram  of  a  prior  art 
output  buffer  circuit; 
Figure  2  is  a  schematic  circuit  diagram  of  another 
prior  art  buffer  circuit; 
Figure  3  is  a  schematic  circuit  diagram  of  an  edge- 
rate  feedback  CMOS  output  buffer  circuit,  con- 
structed  in  accordance  with  some  of  the  principles 
of  the  present  invention; 
Figure  4  is  a  schematic  circuit  diagram  of  a  first  em- 
bodiment  of  the  present  invention;  and 
Figure  5  is  a  schematic  circuit  diagram  of  a  second 
embodiment  of  the  present  invention. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

Referring  now  in  detail  to  the  drawings,  there  is 
shown  in  Figure  3  a  schematic  circuit  diagram  of  an 
edge-rate  feedback  CMOS  output  buffer  circuit  1  0  illus- 
trating  some  of  the  principles  of  the  present  invention. 
The  buffer  circuit  10  is  comprised  of  an  output  driver 
stage  1  2,  a  pull-up  pre-driver  circuit  1  4,  and  a  pull-down 
pre-driver  circuit  16.  The  buffer  circuit  10  provides  an 
output  signal  at  an  output  terminal  pin  (pad)  18  in  re- 
sponse  to  a  data  input  signal  DATA  received  at  a  data 
input  node  20  and  an  enable  signal  EN  received  at  an 
enable  input  node  22.  The  output  buffer  circuit  provides 
the  capability  of  driving  quickly  capacitive  loads  (not 
shown)  connected  to  the  output  terminal  pin  or  pad  1  8, 
but  yet  reduces  significantly  or  suppresses  the  ground 
bounce  (inductive  ringing)  when  the  input  signal  is  mak- 
ing  a  high-to-low  transition.  For  this  transition  of  the  in- 
put  signal,  the  output  terminal  pin  1  8  is  also  pulled  down 
to  a  low  voltage  level. 

The  output  driver  stage  12  includes  a  P-channel 
MOS  pull-up  transistor  P1  and  an  N-channel  MOS  pull- 
down  transistor  N1  .  The  transistor  P1  is  connected  be- 
tween  a  first  internal  power  supply  potential  node  24 
(VCCO)  and  an  internal  output  node  26.  The  first  internal 
power  supply  potential  node  24  is  further  connected  to 
a  supply  voltage  pad  28  via  lead  connection  30  having 
associated  resistive  and  inductive  components.  The 
supply  voltage  pad  28  is  typically  connected  to  +5.0 
volts.  The  transistor  N1  is  connected  between  a  second 
internal  power  supply  potential  or  ground  node  32  (VS- 
SO)  and  the  internal  output  node  26.  The  ground  poten- 
tial  node  32  is  further  connected  to  a  ground  pad  34  via 
a  lead  connection  36  having  associated  resistive  and 
inductive  components.  The  ground  pad  34  is  typically 
connected  to  zero  volts.  The  internal  output  node  26  is 
further  connected  to  the  output  terminal  pin  1  8  via  a  lead 
connection  38  having  associated  package  inductance 
(not  shown). 

The  pull-up  pre-driver  circuit  1  4  includes  an  inverter 
40  and  a  two-input  NAND  logic  gate  42.  The  inverter  40 
is  formed  of  a  P-channel  MOS  transistor  P2  and  an  N- 
channel  MOS  transistor  N4.  The  transistor  P2  has  its 
source  connected  to  the  power  supply  potential  node 

24,  its  gate  connected  to  the  gate  of  the  transistor  N4, 
and  its  drain  connected  to  the  drain  of  the  transistor  N4. 
The  source  of  the  transistor  N4  is  connected  to  the 
ground  potential  node  32.  The  common  gates  of  the 

5  transistors  P2  and  N4  define  the  input  of  the  inverter  40, 
and  the  common  drains  of  the  transistors  P2  and  N4  de- 
fine  the  output  of  the  inverter  40.  The  NAND  logic  gate 
42  includes  P-channel  MOS  transistors  P3,  P4  and  N- 
channel  MOS  transistors  N5,  N6.  The  transistor  P3  has 

10  its  source  connected  to  the  source  of  the  transistor  P4 
and  to  the  power  supply  potential  node  24  and  has  its 
drain  connected  to  the  drain  of  the  transistor  P4.  The 
transistor  N5  has  its  drain  connected  to  the  drain  of  the 
transistor  P4  defining  the  output  of  the  NAND  gate  42 

is  and  has  its  source  connected  to  the  drain  of  the  transis- 
tor  N6.  The  output  of  the  NAND  gate  42  provides  a  first 
control  signal  which  is  fed  to  the  gate  of  the  pull-up  tran- 
sistor  P1.  The  source  of  the  transistor  N6  is  also  con- 
nected  to  the  power  supply  potential  node  32.  The  gates 

20  of  the  transistors  P3  and  N6  are  connected  together  de- 
fining  a  first  input  of  the  NAND  gate  42  and  are  further 
joined  to  the  output  of  the  inverter  40.  The  gates  of  the 
transistors  P4  and  N5  are  connected  together  defining 
a  second  input  of  the  NAND  gate  42. 

25  The  pull-down  pre-driver  circuit  1  6  includes  a  NOR 
logic  gate  44.  The  logic  gate  44  is  formed  of  P-channel 
MOS  transistors  P5,  P6  and  N-channel  MOS  transistors 
N7,  N8.  The  transistor  P5  has  its  source  connected  to 
the  power  supply  potential  node  24  and  its  drain  con- 

so  nected  to  the  source  of  the  transistor  P6.  The  gate  of 
the  transistor  P5  is  connected  to  the  gate  of  the  transis- 
tor  N7  and  defines  a  first  input  of  the  NOR  gate  44.  The 
gate  of  the  transistor  P6  is  connected  to  the  gate  of  the 
transistor  N8  and  defines  a  second  input  of  the  NOR 

35  gate  44.  The  transistor  P6  has  its  drain  connected  to  the 
common  drains  of  the  transistors  N7,  N8  defining  the 
output  of  the  NOR  gate  44.  The  source  of  the  transistor 
N7  is  connected  to  the  source  of  the  transistor  N8  and 
to  the  ground  potential  node  32.  The  output  of  the  NOR 

40  gate  44  provides  a  second  control  signal  which  is  fed  to 
the  gate  of  the  pull-down  transistor  N1  . 

The  output  buffer  circuit  1  0  further  includes  data  in- 
put  buffer  formed  of  inverters  46  and  48.  The  inverter 
46  includes  a  P-channel  MOS  transistor  P8  and  an  N- 

45  channel  MOS  transistor  N10.  The  transistor  P8  has  its 
source  connected  to  an  internal  "quiet"  power  supply  po- 
tential  node  50  (VCC),  which  is  typically  at  +5.0  volts, 
its  gate  connected  to  the  gate  of  the  transistor  N  1  0,  and 
its  drain  connected  to  the  drain  of  the  transistor  N10. 

so  The  common  gates  of  the  transistors  P8and  N10  defin- 
ing  the  input  of  the  inverter  46  are  connected  to  the  data 
input  node  20.  The  common  drains  of  the  transistors  P8 
and  N10  define  the  output  of  the  inverter  46.  The  source 
of  the  transistor  N10  is  connected  to  an  internal  "quiet" 

55  ground  potential  node  52  (VSS). 
The  inverter  48  includes  a  P-channel  MOS  transis- 

tor  P7  and  an  N-channel  MOS  transistor  N9.  The  tran- 
sistor  P7  has  its  source  connected  also  to  the  power 
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supply  potential  node  24,  its  gate  connected  to  the  gate 
of  the  transistor  N9  and  its  drain  connected  to  the  drain 
of  the  transistor  N9.  The  common  gates  of  the  transis- 
tors  P7  and  N9  define  the  input  of  the  inverter  48,  which 
is  connected  to  the  output  of  the  inverter  46.  The  com- 
mon  drains  of  the  transistors  P7  and  N9  define  the  out- 
put  of  the  inverter  48,  which  is  connected  to  the  second 
input  of  the  NAND  gate  42  and  to  the  first  input  of  the 
NOR  gate  44.  The  source  of  the  transistor  N9  is  also 
connected  to  the  ground  potential  node  52.  Since  the 
power  supply  and  ground  potential  nodes  50,  52  for  the 
inverter  46  are  different  from  the  power  supply  and 
ground  potential  nodes  24,  32  for  the  inverter  48,  this 
isolation  will  prevent  noise  on  the  power  supply  potential 
and  ground  nodes  24,  32  caused  by  the  transients  on 
the  output  node  26  from  adversely  recognizing  the  level 
of  the  data  input  signals  on  the  terminal  20. 

The  output  buffer  circuit  1  0  also  includes  an  enable 
input  buffer  formed  of  inverters  54  and  56.  The  inverter 
54  includes  a  P-channel  MOS  transistor  P10  and  an  N- 
channel  MOS  transistor  N12.  The  transistor  P10  has  its 
source  also  connected  to  an  internal  "quiet"  power  sup- 
ply  potential  node  50,  its  gate  connected  to  the  gate  of 
the  transistor  N12,  and  its  drain  connected  to  the  drain 
of  the  transistor  N12.  The  common  gates  of  the  transis- 
tors  P10  and  N12  defining  the  input  of  the  inverter  54 
are  connected  to  the  enable  input  node  22.  The  common 
drains  of  the  transistors  P1  0  and  N1  2  define  the  output 
of  the  inverter  54.  The  source  of  the  transistor  N12  is 
also  connected  to  the  internal  "quiet"  ground  potential 
node  52. 

The  inverter  56  includes  P-channel  MOS  transistor 
P9  and  an  N-channel  MOS  transistor  N11  .  The  transis- 
tor  P9  has  its  source  connected  to  the  power  supply  po- 
tential  node  24,  its  gate  connected  to  the  gate  of  tran- 
sistor  N11,  and  its  drain  connected  to  the  drain  of  the 
transistor  N11  .  The  common  gates  of  the  transistors  P9 
and  N11  define  the  input  of  the  inverter  56,  which  is  con- 
nected  to  the  output  of  the  inverter  54.  The  common 
drains  of  the  transistors  P9  and  N11  define  the  output 
of  the  inverter  56,  which  is  connected  to  the  first  input 
of  the  NAND  gate  42  via  the  inverter  40  and  to  the  sec- 
ond  input  of  the  NOR  gate  44.  The  source  of  the  tran- 
sistor  N11  is  connected  to  the  ground  potential  node  32. 
Again,  the  isolation  of  the  respective  power  supply  and 
ground  potential  nodes  for  the  inverters  54  and  56  will 
prevent  noise  on  the  power  supply  and  ground  potential 
nodes  24,  32  from  adversely  affecting  the  level  of  the 
enable  input  signal  on  the  terminal  22. 

When  the  enable  signal  EN  is  at  a  high  or  logic  "1  " 
level,  the  first  control  signal  at  the  output  of  the  NAND 
gate  42  will  be  at  a  high  or  logic  "1  "  level  and  the  second 
control  signal  at  the  output  of  the  NOR  gate  44  will  be 
at  a  low  or  logic  "0"  level.  Consequently,  both  of  the  tran- 
sistors  P1  and  N1  will  be  turned  off.  This  produces  a 
high  impedance  tri-state  mode  at  the  output  terminal  pin 
18  in  which  the  output  buffer  circuit  10  is  not  enabled. 

In  order  to  significantly  reduce  or  eliminate  the 

ground  bounce  when  the  internal  output  pin  node  26 
makes  a  high-to-low  transition,  there  is  provided  an 
edge-rate  feedback  means  which  controls  the  rate  of 
rise  of  the  gate-to-source  voltage  VGS  at  the  gate  of  the 

5  pull-down  transistor  N1  so  as  to  slow  down  its  turn-on 
time.  As  a  result,  the  rate  of  change  of  the  output  current 
through  the  pull-down  transistor  N1  is  limited,  thereby 
reducing  significantly  the  ground  bounce.  In  this  pre- 
ferred  embodiment  of  the  invention,  the  feedback 

10  means  is  comprised  of  a  coupling  capacitor  C2  for  pro- 
viding  feedback  of  the  output  voltage  at  the  internal  out- 
put  node  26  directly  to  the  gate  of  the  pull-down  transis- 
tor  N1. 

As  can  be  seen,  the  capacitor  C2  is  formed  of  an 
is  N-channel  MOS  transistor  N3.  The  source  electrode, 

drain  electrode,  and  bulk  of  the  transistor  N3  are  all  tied 
together  to  form  a  first  plate  of  the  capacitor,  and  the 
gate  electrode  of  the  transistor  N3  forms  the  second 
plate  of  the  capacitor.  The  first  plate  of  the  capacitor  C2 

20  is  joined  to  the  internal  output  node  26,  and  the  second 
plate  thereof  is  joined  to  the  gate  of  the  pull-down  tran- 
sistor  N1  . 

In  order  to  provide  an  understanding  of  the  opera- 
tion  of  the  present  invention,  the  pull-down  action  of  Fig- 

25  ure  3  will  now  be  explained.  Initially,  it  will  be  assumed 
that  the  enable  signal  EN  is  at  an  active  low  (EN  =  0), 
the  data  input  signal  is  at  the  high  logic  level,  and  the 
output  signal  at  the  output  node  26  is  also  at  the  high 
logic  level.  Thus,  the  output  of  the  data  input  buffer  on 

30  line  58  will  be  high  and  the  output  of  the  enable  buffer 
on  line  60  will  be  low.  As  a  result,  the  first  control  signal 
at  the  output  of  the  NAND  42  will  be  low  as  to  render  the 
pull-up  transistor  P1  to  be  conductive,  and  the  second 
control  signal  at  the  output  of  the  NOR  gate  44  will  be 

35  low  so  as  to  turn-off  the  pull-down  transistor  N1  . 
When  the  data  input  signal  DATA  makes  a  high-to- 

low  transition,  this  will  cause  the  first  control  signal  on 
line  62  to  go  high  so  as  to  quickly  turn  off  the  pull-up 
transistor  P1  .  Simultaneously,  the  second  control  signal 

40  on  line  64  will  begin  to  go  high  so  as  to  turn  on  the  pull- 
down  transistor  N1.  In  slow  process  corners,  there  will 
be  very  little  feedback  through  the  capacitor  C2  and  the 
pull-down  transistor  N1  will  be  turned  on  slowly  with  a 
low  rate  of  change  in  the  output  current,  which  does  not 

45  create  a  ground  bounce  problem.  However,  in  fast  proc- 
ess  corners,  the  rate  of  change  of  the  output  voltage  at 
the  output  node  26  is  limited  by  the  capacitor  C2  since 
its  voltage  thereacross  cannot  be  changed  instantane- 
ously.  Therefore,  if  the  rate-of-fall  of  the  output  voltage 

so  is  too  fast,  the  temporary  and  residual  low  voltage  state 
on  the  terminal  output  node  26  acting  through  the  feed- 
back  capacitor  C2  will  turn  off  the  pull-down  transistor 
N1  ,  thereby  preventing  a  high  rate  of  change  in  the  out- 
put  current  flowing  therethrough.  In  this  manner,  the  rate 

55  of  change  of  this  output  current  is  substantially  reduced 
and  thus  decreasing  significantly  the  ground  bounce. 

It  should  be  apparent  to  those  skilled  in  the  art  that 
the  capacitor  C1  can  be  similarly  provided  in  connection 

5 
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with  the  pull-up  transistor  P1  in  order  to  suppress  power 
supply  line  voltage  spikes  when  the  output  node  26  is 
making  a  low-to-high  transition.  Accordingly,  it  is  be- 
lieved  that  the  pull-up  operation  of  the  output  circuit  10 
is  quite  apparent  in  view  of  the  foregoing  discussion  with  s 
respect  to  the  pull-down  action  and  thus  will  not  be  ex- 
plicitly  described. 

In  Figures  4  and  5,  there  are  shown  schematic  cir- 
cuit  diagrams  illustrating  first  and  second  embodiments 
of  the  invention.  10 

The  output  buffer  circuit  110  of  Figure  4  is  an  em- 
bodiment  which  is  quite  similar  to  buffer  circuit  10  of  Fig- 
ure  3,  except  that  the  output  voltage  at  the  internal  out- 
put  node  26  acting  through  the  feedback  of  capacitor  C2 
is  not  coupled  directly  to  the  gate  of  the  pull-down  tran-  15 
sistor  N1  but  is  rather  coupled  to  an  isolation  transistor 
T3  for  interrupting  the  second  control  signal  on  the  lines 
64  from  the  NOR  gate  44,  which  is  at  a  high  logic  level, 
from  being  applied  to  the  gate  of  the  pull-down  transistor 
N1  .  In  fast  process  corners,  when  the  pull-down  action  20 
occurs,  the  temporary  and  residual  low  voltage  state  on 
the  internal  output  node  26  will  be  acting  through  the 
capacitor  C2  so  as  to  turn  off  the  isolation  transistor  T3. 
As  a  result,  the  pull-down  transistor  N1  will  be  turned  off 
so  as  to  limit  the  output  current  flowing  therethrough.  25 

In  order  to  turn  back  on  the  transistor  T3,  there  is 
provided  a  current  mirror  arrangement  66  formed  of  P- 
channel  MOS  transistors  T6,  T7  and  N-channel  MOS 
transistors  T4,  T5.  The  transistor  T7  will  be  rendered 
conductive  to  supply  current  only  when  the  data  input  30 
signal  is  at  the  low  logic  level.  This  will  cause  the  current 
in  the  current  mirror  transistor  T4  to  be  reflected  into  the 
current  mirror  transistor  T5.  When  the  voltage  at  the 
node  68  reaches  the  threshold  level,  the  transistor  T3 
will  again  be  turned  on.  This,  in  turn,  causes  the  second  35 
control  signal  on  the  line  64  to  be  applied  back  to  the 
gate  of  the  pull-down  transistor  N1  . 

The  output  buffer  circuit  210  of  Figure  5  is  a  third 
embodiment  and  is  somewhat  similar  to  the  buffer  circuit 
110  of  Figure  4,  except  that  the  isolation  resistor  T3  is  40 
replaced  with  a  pass  transistor  T8  interconnected  be- 
tween  the  output  of  the  NOR  logic  gate  44  and  the  gate 
of  the  pull-down  transistor  N1.  In  fast  process  corners, 
when  the  pull-down  action  occurs,  the  temporary  and 
residual  low  voltage  state  on  the  internal  output  node  26  45 
will  be  acting  through  the  coupling  capacitor  C2  so  as 
to  turn  off  the  pass  transistor  T8.  Consequently,  pull- 
down  transistor  N1  will  be  turned  off  so  as  to  limit  the 
output  current  flowing  therethrough. 

In  order  to  facilitate  the  quick  turn-off  of  the  pull-  so 
down  transistor  N1,  there  is  also  provided  a  capacitor 
C3  and  a  turn-off  transistor  T9.  The  temporary  and  re- 
sidual  low  voltage  state  on  the  output  node  26  will  also 
be  acting  through  the  coupling  capacitor  C3  so  as  to  turn 
on  the  resistor  T9  which  removes  the  gate  drive  to  the  55 
pull-down  transistor  N1.  Further,  a  current  mirror  ar- 
rangement  70  is  used  to  facilitate  the  quick  discharging 
of  the  voltage  due  to  the  gate  capacitance  of  the  pass 

transistor  T8. 
While  there  has  been  illustrated  and  described  what 

is  at  present  considered  to  be  a  preferred  embodiment 
of  the  present  invention,  it  will  be  understood  by  those 
skilled  in  the  art  that  various  changes  and  modifications 
may  be  made  without  departing  from  the  scope  of  the 
invention  as  defined  in  the  appended  claims.  In  addition, 
many  modifications  may  be  made  to  adapt  a  particular 
situation  or  material  to  the  teachings  of  the  invention 
without  departing  from  the  central  scope  thereof.  There- 
fore,  it  is  intended  that  this  invention  not  be  limited  to 
the  particular  embodiment  disclosed  as  the  best  mode 
contemplated  for  carrying  out  the  invention,  but  that  the 
invention  will  include  all  embodiments  falling  within  the 
scope  of  the  appended  claims. 

Claims 

1  .  A  CMOS  output  buffer  circuit  for  providing  an  output 
signal  at  an  output  terminal  which  has  a  significant 
reduction  in  ground  bounce  over  processing  and 
power  supply  variations,  comprising; 

pull-up  transistor  means  (P1)  responsive  to  a 
first  control  signal  for  generating  a  transition 
from  a  low  logic  level  to  a  high  logic  level  at  the 
output  terminal; 
pull-up  pre-driver  means  (14)  responsive  to  a 
data  input  signal  and  an  enable  signal  for  gen- 
erating  said  first  control  signal; 
pull-down  transistor  means  (N1)  responsive  to 
a  second  control  signal  for  generating  a  transi- 
tion  from  the  high  logic  level  to  the  low  logic  lev- 
el  at  the  output  terminal; 
pull-down  pre-driver  means  (44)  responsive  to 
the  data  input  signal  and  the  enable  signal  for 
generating  said  second  control  signal;  and 
feedback  means  responsive  to  the  output  sig- 
nal  for  controlling  the  rate  of  rise  of  said  second 
control  signal; 
said  feedback  means  including  a  capacitor  (C2) 
and  a  transistor  means  (T3,T8),  said  capacitor 
(C2)  connected  between  the  output  terminal 
and  to  the  gate  of  the  transistor  means  said 
transistor  means  being  connected  between 
said  pull-down  pre-driver  means  (44)  and  the 
gate  of  said  pull-down  transistor  means  (N1  )  so 
as  to  slow  down  the  turn-on  time  of  said  pull- 
down  transistor  means  when  the  output  termi- 
nal  is  making  the  high-to-low  transition  thereby 
significantly  reducing  the  ground  bounce. 

2.  A  CMOS  output  buffer  circuit  as  claimed  in  claim  1  , 
wherein  said  capacitor  (C2)  comprises  a  first  plate 
connected  to  the  output  terminal  and  a  second  plate 
connected  to  the  gate  of  the  transistor  means. 

6 
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3.  A  CMOS  output  buffer  circuit  as  claimed  in  claim  1 
or  2,  wherein  said  pull-up  transistor  (P1  )  has  one  of 
its  main  electrodes  connected  to  a  power  supply  po- 
tential  node  and  its  other  one  of  its  main  electrodes 
connected  to  the  output  terminal,  said  pull-down 
transistor  (N1)  has  one  of  its  main  electrodes  con- 
nected  to  ground  potential  node. 

4.  A  CMOS  output  buffer  circuit  as  claimed  in  claims 
1,  2  or  3,  wherein  pull-up  pre-driver  means  (14)  is 
formed  of  an  inverter  (40)  and  a  NAND  gate  (42). 

5.  A  CMOS  output  buffer  circuit  as  claimed  in  claims 
1  ,  2,  3  or  4,  wherein  said  inverter  (40)  having  its  in- 
put  coupled  to  receive  the  enable  signal  and  its  out- 
put  connected  to  a  first  input  of  said  NAND  gate 
(42),  said  NAND  gate  (42)  having  a  second  input 
coupled  to  receive  the  data  input  signal  and  its  out- 
put  connected  to  the  gate  electrode  of  said  pull-up 
transistor  (N1). 

6.  A  CMOS  output  buffer  circuit  as  claimed  in  any  of 
the  preceding  claims  as  dependent  on  claim  2, 
wherein  said  capacitor  (C2)  is  comprised  of  an  N- 
channel  MOS  transistor  (N3)  having  its  drain  and 
source  electrodes  connected  together  to  define  the 
first  plate  and  its  gate  electrode  defining  the  second 
plate. 

Patentanspriiche 

1.  CMOS-Ausgangspufferschaltung  zum  Liefern  ei- 
nes  Ausgangssignals  an  einem  AusgangsanschluB 
mit  einer  erheblichen  Verringerung  des  Masse- 
Prellens  bei  Verarbeitungs-  und  Energieversor- 
gungsschwankungen,  mit: 

einer  auf  ein  erstes  Steuersignal  reagierenden 
Pull-Up-Transistoreinrichtung  (P1)  zum  Erzeu- 
gen  eines  Ubergangs  von  einem  niedrigen  Lo- 
gikpegel  zu  einem  hohen  Logikpegel  am  Aus- 
gangsanschluB; 

einerauf  ein  Dateneingangssignal  und  ein  Frei- 
gabesignal  reagierenden  Pull-Up-Vortreiber- 
einrichtung  (14)  zum  Erzeugen  des  ersten 
Steuersignals; 

einer  auf  ein  zweites  Steuersignal  reagieren- 
den  Pull-Down-Transistoreinrichtung  (N1)  zum 
Erzeugen  eines  Ubergangs  vom  hohen  Logik- 
pegel  zum  niedrigen  Logikpegel  am  Ausgangs- 
anschluB; 

einer  auf  das  Dateneingangssignal  und  das 
Freigabesignal  reagierenden  Pull-Down-Vor- 
treibereinrichtung  (44)  zum  Erzeugen  des 

zweiten  Steuersignals;  und 

einer  auf  das  Ausgangssignal  reagierenden 
Ruckfuhrungseinrichtung  zum  Steuern  der  An- 

5  stiegsrate  des  zweiten  Steuersignals; 

wobei  die  Ruckfuhrungseinrichtung  einen  Kon- 
densator  (C2)  und  eine  Transistoreinrichtung 
(T3,  T8)  aufweist,  wobei  der  Kondensator  (C2) 

10  zwischen  dem  AusgangsanschluB  und  dem 
Gate-AnschluB  der  Transistoreinrichtung  und 
die  Transistoreinrichtung  zwischen  der  Pull- 
Down-Vortreibereinrichtung  (44)  und  dem  Ga- 
te-AnschluB  der  Pull-Down-Transistoreinrich- 

15  tung  (N1)  geschaltet  ist,  urn  so  die  Einschalt- 
zeitspanne  der  Pull-Down-Transistoreinrich- 
tung  zu  verlangsamen,  wenn  der  Ausgangsan- 
schluB  den  Ubergang  vom  hohen  zum  niedri- 
gen  Logikpegel  vollzieht,  wodurch  das  Masse- 

20  Prellen  erheblich  verringert  wird. 

2.  CMOS-Ausgangspufferschaltung  nach  Anspruch 
1,  bei  der  der  Kondensator  (C2)  eine  erste  Platte, 
die  mit  dem  AusgangsanschluB  verbunden  ist,  und 

25  eine  zweite  Platte,  die  mit  dem  Gate-AnschluB  der 
Transistoreinrichtung  verbunden  ist,  aufweist. 

3.  CMOS-Ausgangspufferschaltung  nach  Anspruch  1 
oder  2,  bei  der  eine  der  Hauptelektroden  des  Pull- 

so  Up-Transistors  (P1)  mit  einem  Energiequellenpo- 
tentialknoten  und  die  andere  Hauptelektrode  mit 
dem  AusgangsanschluB  verbunden  ist,  wobei  eine 
der  Hauptelektroden  des  Pull-Down-Transistors 
(N1)  mit  dem  Massepotentialknoten  verbunden  ist. 

35 
4.  CMOS-Ausgangspufferschaltung  nach  einem  der 

Anspruche  1,  2  oder  3,  bei  der  die  Pull-Up-Vortrei- 
bereinrichtung  (14)  einen  Inverter  (40)  und  ein 
NAND-Gatter  (42)  aufweist. 

40 
5.  CMOS-Ausgangspufferschaltung  nach  einem  der 

Anspruche  1  ,  2,  3  oder  4,  bei  der  der  Eingang  des 
Inverters  (40)  zum  Empfang  des  Freigabesignals 
gekoppelt  und  der  Ausgang  mit  einem  ersten  Ein- 

45  gang  eines  NAND-Gatters  (42)  verbunden  ist,  wo- 
bei  der  zweite  Eingang  des  NAND-Gatters  (42)  zum 
Empfang  des  Dateneingangssignals  gekoppelt  und 
sein  Ausgang  mit  der  Gate-Elektrode  des  Pull-Up- 
Transistors  (N1)  verbunden  ist. 

50 
6.  CMOS-Ausgangspufferschaltung  nach  einem  der 

vorhergehenden  Anspruche,  wenn  auf  Anspruch  2 
zuruckbezogen,  bei  der  der  Kondensator  (C2)  ei- 
nen  n-Kanal-MOS-Transistor  (N3)  aufweist,  dessen 

55  Drain-  und  Source-Elektroden  miteinander  verbun- 
den  sind,  urn  die  erste  Platte  zu  bilden,  und  dessen 
Gate-Elektrode  die  zweite  Platte  bildet. 

7 
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Revendications 

1  .  Circuit  tampon  CMOS  de  sortie  destine  a  fournir  au 
niveau  d'une  borne  de  sortie  un  signal  de  sortie  dont 
le  rebond  a  la  masse  est  reduit  de  facon  significative 
lors  de  variations  de  I'alimentation  de  traitement, 
comportant: 

un  moyen  de  transistor  d'excursion  haute  (P1) 
reagissant  a  un  premier  signal  de  commande 
pour  generer  une  transition  d'un  niveau  logique 
bas  a  un  niveau  logique  haut  au  niveau  de  la 
borne  de  sortie; 
un  moyen  de  pre-attaque  d'excursion  haute 
(14)  reagissant  a  un  signal  d'entree  de  donnees 
et  a  un  signal  de  validation  pour  generer  ledit 
premier  signal  de  commande; 
un  moyen  de  transistor  d'excursion  basse  (N1) 
reagissant  a  un  second  signal  de  commande 
pour  generer  une  transition  du  niveau  logique 
haut  au  niveau  logique  bas  au  niveau  de  la  bor- 
ne  de  sortie; 
un  moyen  de  pre-attaque  d'excursion  basse 
(44)  reagissant  a  un  signal  d'entree  de  donnees 
et  a  un  signal  de  validation  pour  generer  ledit 
second  signal  de  commande;  et 
un  moyen  de  contre-reaction  reagissant  au  si- 
gnal  de  sortie  pour  commander  la  vitesse  de 
montee  dudit  second  signal  de  commande; 
ledit  moyen  de  contre-reaction  comprenant  un 
condensateur  (C2)  et  un  moyen  de  transistor 
(T3,  T8),  ledit  condensateur  (C2)  etant  connec- 
ts  entre  la  borne  de  sortie  et  la  grille  du  moyen 
de  transistor,  ledit  moyen  de  transistor  etant 
connecte  entre  ledit  moyen  de  pre-attaque 
d'excursion  basse  (44)  et  la  grille  dudit  moyen 
de  transistor  d'excursion  basse  (N1)  de  facon 
a  retarder  le  deblocage  dudit  moyen  de  transis- 
tor  d'excursion  basse  quand  la  borne  de  sortie 
passe  du  niveau  haut  au  niveau  bas,  reduisant 
ainsi  de  facon  significative  le  rebond  a  la  mas- 
se. 

4.  Circuit  tampon  CMOS  de  sortie  conforme  a  la  re- 
vendication  1  ,  2  ou  3,  dans  lequel  le  moyen  de  pre- 
attaque  d'excursion  haute  (1  4)  est  constitue  d'un  in- 
verses  (40)  et  d'une  porte  NON-ET  (42). 

5 
5.  Circuit  tampon  CMOS  de  sortie  conforme  a  la  re- 

vendication  1  ,  2,  3  ou  4,  dans  lequel  ledit  inverseur 
(40)  a  son  entree  connectee  de  facon  a  recevoir  le 
signal  de  validation  et  sa  sortie  connectee  a  une 

10  premiere  entree  de  ladite  porte  NON-ET  (42),  ladite 
porte  NON-ET  (42)  ayant  une  seconde  entree  con- 
nectee  de  facon  a  recevoir  le  signal  d'entree  de  don- 
nees  et  sa  sortie  connectee  a  la  grille  dudit  transis- 
tor  d'excursion  haute  (P1). 

15 
6.  Circuit  tampon  CMOS  de  sortie  conforme  a  I'une 

quelconque  des  revendications  precedentes  dans 
la  mesure  ou  elle  depend  de  la  revendication  2, 
dans  lequel  ledit  condensateur  (C2)  est  constitue 

20  d'un  transistor  MOS  a  canal  N  (N3)  ayant  son  drain 
et  sa  source  connectes  I'un  a  I'autre  pour  definir  la 
premiere  armature  et  sa  grille  definissant  la  secon- 
de  armature. 

25 

30 

35 

40 

2.  Circuit  tampon  CMOS  de  sortie  conforme  a  la  re- 
vendication  1,  dans  lequel  ledit  condensateur  (C2)  45 
comporte  une  premiere  armature  connectee  a  la 
borne  de  sortie  et  une  seconde  armature  connectee 
a  la  grille  du  moyen  de  transistor. 

3.  Circuit  tampon  CMOS  de  sortie  conforme  a  la  re-  so 
vendication  1  ou  2,  dans  lequel  ledit  transistor  d'ex- 
cursion  haute  (P1  )  a  I'une  de  ses  electrodes  princi- 
pals  connectee  a  un  noeud  de  potentiel  d'alimen- 
tation  et  I'autre  de  ses  electrodes  principals  con- 
nectee  a  la  borne  de  sortie,  ledit  transistor  d'excur-  55 
sion  basse  (N1)  a  I'une  de  ses  electrodes  principa- 
ls  connectee  a  un  noeud  de  potentiel  de  masse. 

8 
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